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Exogenous Expression of Human Na, K-ATPase lsoforms in Insect Cells
Christal R. Carpenter1, Gladis Sanchez, MD3; Gustavo V. Blanco3, MD/PhD;
Sharon Lewis2, PhD; Sonya Williams1, PhD; KJ Abraham1, PhD. Dept. of
Biology1 and Dept. of Chemistry2, Langston Univerisity1, 2, Langston, OK
73050 USA; Dept. of Molecular and Integrative Physiology, University of
Kansas- Medical Center, Kansas City, KS 66160 USA

Abstract
The Na-K-ATPase or Na pump is a membrane bound enzyme that maintains a
high concentration of K+ and low concentration of Na+ in most animal cells. Three
subunits constitute the Na pump, named alpha (ex), beta

(~).

and gamma (y). The

ex subunit is responsible for the catalytic and transport of the enzyme, the
~

subunit is important for bringing the ex to the plasma membrane of the cell, and

y is a regulatory subunit of the Na pump. In addition, there are several molecular

variants or isoforms of the ex and

~

subunits. At present four different ex (ex 1, ex2,

ex3 and ex4) and three distinct O (01, 02 and 03) isoforms have been found in
mammals.

Each isoform is characterized by a tissue specific pattern of

expression and has a specific function. My research concerned the ex2 isoform of
the Na, K-ATPase from humans. This isoform has been detected in adipocytes,
muscle, heart, and brain. ex2 appears to be important in maintaining the ion
balance and the electrical properties of muscle and heart cells. The objective of
my research was to express ex2 in insect cells. To achieve this, I subcloned the
cDNA corresponding to ex2 into an expression vector known as Pblue-bac 4.5
(Pbb4.5). This required the amplification of the DNAs in bacteria, isolation of the
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isoform and vector cDNAs and the digestion of the DNA with specific restriction
enzymes. After digestion, the samples were isolated in agarose gels and both
DNAs with compatible ends were ligated. This allowed obtaining the a2 gene into
Pbb4.5. This construct was then used to create a virus that can infect insect cells
and direct the expression of the human a2 isoform. Results showed that when
the prepared virus was applied to an insect cell line named Sf-9, the cells
became infected and expressed the protein in high amounts. This was
determined by immunoblot of the insect cell proteins and detection of D a2 with
specific antibodies. The expression of a2 in Sf-9 cells that are devoid of Na, KATPase is important because it provides high amounts of the protein for
biochemical studies of its function in an environment free of any other Na pump
isoform.

Introduction
An isoform is a chemical molecule that has similar forms or variants. If an
isoform is within a tissue or cell, it may have different functions or properties from
the other variants. The isoforms that I concentrated on were in the Na+, Ka+ATPase.
The Na+, K+-ATPase or the Na pump, is a membrane bound enzyme that
maintains a high concentration of K+ and low concentration of Na+ and it is found
in most animal cells. According to D.U. Silverthorn, the Na+, K+-ATPase is an
active transporter that moves Na+ out of the cell and K+ into the cell against their
respective concentration gradients and it is considered to be the single most
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important transport protein in animal cells. It is classified as an antiport, which
carries the molecules in different directions.
The Na+ pump is further classified as a primary active transport, because
it uses ATP as its energy source to move three Na+ out of the cell for every two
K+ that are transported in. The energy from ATP is transformed into potential
energy stored in the ion concentration gradients. This potential energy can be
harnessed by various sodium-dependent co transporters (Silverthorn). According
to Gustavo Blanco and Robert W. Mercer, the electrochemical gradient the Na+,
K+-ATPase generates is critical in maintaining the osmotic balance of the cell,
the resting membrane potential of most tissues, and the excitable properties of
muscle and nerve cells.
The Na+, K+, ATPase has various functions in the cell. There have been
many experiments conducted with concentrations on the Na+, K+-ATPase. One
experiment conducted by Moseley, Amy E.; Lieske, Steve P., et al., concentrated
on the Na+, K+-ATPase alpha2 isoform and its expression in neurons.
According to Moseley et al., the Na+, K+-ATPase impacts neural and glial
physiology by direct electrogenic activity and the modulation of ion gradients.
They also stated that the Na+, K+-ATPase is responsible for the reuptake of
neurotransmitters, the regulation of the volume of the cell, and the support and
modulate electrical activity through direct (electrogenic) and indirect effects on
membrane potential. The Na+, K+-ATPase is also known to be critical for nutrient
uptake and membrane excitability (Koster, Joseph C.; Blanco Gustavo; Mercer,
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Robert W.). There are so many responsibilities of the Na+, K+-ATPase; I think
that it is imperative that more research be conducted on it.
Since the Na+, K+-ATPase has many functions, what helps this pump
carry out its responsibilities? The Na+, K+-ATPase has isozymes within it. Each
one has a specific responsibility and unique biological properties. There are two
major subunits and one minor subunit. These subunits are the alpha, beta, and
gamma subunits, with all of them differing in a responsibility.
The alpha subunit as a whole is the catalytic subunit and the site tor
inhibition by cardiac glycosides, according to Shelly, Daniel A.; He Suiwen et al.
This subunit is also known to bind sodium and potassium ions, and ATP (Mosley
et al.). The alpha subunit in rodents, according to Shelly et al., has marked

differences in affinities for ouabain, kinetics for ion transport, and sensitivity to
Ca2+.
The alpha subunit has four distinct isoforms, which are alpha1, alpha2,
alpha3, and alpha4 (Blanco and Mercer). The various isoforms are characterized
by unique enzymatic properties and a highly regulated pattern of expression that
depends on cell type, developmental stage, and hormonal stimulation (Gustavo
'

Blanco). The alpha isoforms have differences in substrate affinity and kinetic
properties.
Each alpha isoform also has specific roles and functions in the Na+, K+ATPase. The alpha1 isoform serves as a "housekeeping" role (Shelly and
Suiwen, et al.) and is found in almost every tissue, and it is essential to the Na+,
K+-ATPase by containing the binding sites for the cations, ATP, and inhibitor
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oubain (Blanco and Mercer). This is probably the most important of the four
isoforms, because it contains the ATP that is used to move the pump.
The alpha2 isoform can be found in the renal cortex, adipocytes, muscle,
heart, brain, eye, and skeletal muscle (Blanco and Mercer, Mosley et al.).

Its

responsibilities are to localize to a subarcolemmal compartment and modulate
contractility (Shelly and Suiwen et al.). The alpha3 isoform can be found in the
nervous tissues, renal cortex, medulla, and papilla. Both alpha2 and alpha3 uses
reverse transcription followed by polymerase chain reaction amplification and
ouabain titration analysis (Blanco and Mercer). The alpha4 isoform is specifically
found in the testis.
The beta subunit can modulate substrate affinity (Mosley et. al). It is also
known to act as a chaperone in which it directs the alpha subunit to the
membrane and it is essential for the normal activity of the enzyme (Blanco and
Mercer). The beta subunit is also involved in the occlusion of K+ and the
modulation of the K+ and Na+ affinity of the enzyme (Blanco and Mercer).
The beta subunit has three distinct isoforms, with each one having a
distinct role and responsibility in the enzyme. Although I have not found what
each specific beta isoform is responsible for I am aware of where they are found.
I will continue to try and find out more about this distinct subunit and its entirety.
The beta1 isoform is found in almost every tissue. The beta2 isoform can
be found in skeletal muscles, pineal gland, and nervous tissues. The beta3
isoform can found in the retina, testis, liver and the lungs.
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The gamma subunit has no isoforms as to the latest research done. The
gamma subunit can modulate substrate affinity as well (Mosley et al.), and it is
also known to co localize with the alpha subunit in enthrone segments and co
immunoprecipitates with alphabeta-complexes. The gamma subunit is not
required for the normal activity of the pump but it is known to stabilize the E1
confirmation of the enzyme and may be required for captivation in mouse
embryos (Blanco and Mercer).
My concentration will be on the alpha2 subunit within the human Na,
KATPase. The objective, materials, methods, results, discussion, and conclusion
will be further elaborated upon. The Na+, K+-A TPase and the alpha2 isoform
can be expressed in a cell devoid of this enzyme and its subunit, using the
insect line SF-9 cells for the protein expression.
Objective

To be able to express the alpha2 protein in SF-9 insect cells by in vitro
transfection.
Materials

These materials are given in chronological order, along with the purpose of each
procedure. The procedure itself will be explained in more detail following the
materials given.
1. Alpha2 protein- obtained from stock culture
2. Streaking- the alpha2 was streaked on a plate containing LB +
chloramphenacol. LB is luria burtania which contains yeast, salt, and
bactotryptone, and it allows for colonies to grow.
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3. Liquid Culture- the purpose of a liquid culture is to grow up an excess from
the colonies grown on the plate, so that more DNA is available for use.
4. DNA extraction- using phenol/chloroform, DNA is extracted from sample,
this allows for the purification of the DNA to be obtained later.
5. Mini-prep- the QIA mini-prep system™ helps provide purification of DNA,
so that it can be ready to use. Qiagen mini-prep systems was provided by
mentor.
6. Digestion - the digestion consists of cutting the alpha2 subunit and Pbb4.5
vector with specific restriction enzymes that compliment each other and
allows for the whole alpha2 insert to be pulled out of the POTB7 vector
and sub cloned with Pbb4. 5 vector. The restriction enzymes used were
Pst1 and BamH1, each having its own buffer.
7. Agarose Gel Electrophoresis- is is used to separate molecules based on
their size. All gels are ran with samples loaded next to a marker (Kb or
hyperladder)
8. Gene Clean Procedure- purifying the DNA from TAE agarose gel.
GeneClean ™ kit manual provided by mentor.
9. Digestion- "
10. Agarose Gel Electrophoresis-"
11 . Ligation - process in which alpha2 DNA sub clones with Pbb4.5 vector.
The 5' - 3' ends of each DNA ligate.
12. Transformation- process in which the alpha2 DNA is inserted into
competent cells.
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13. Plate transformation- on each LB Amp plate an amount of the
transformation liquid is used to perform spread plate technique.
14. Liquid culture- pick the best colonies from plate transformation and allow
to grow in a liquid medium culture.
15. Mini-prep procedure- "
16. Diagnostic Test- determines which DNA is highly concentrated and pure
vs. which is not ("good vs. bad"}, an enzyme is used to confirm which DNA
should be used.
17. PCR/ DNA sequencing- a procedure for amplifying a specific segment of
DNA. This allows for one to know for sure if the DNA obtained is the
correct DNA.
18. Transfection- procedure in which the insect cells are co-transfected with
Bac-N-Blue™ DNA and a baculovirus transfer vector (alpha2Pbb4.5)
containing the Na, K-ATPase trait. Recombination will occur between the
alpha2Pbb vector and viral DNA, this allows a yield recombinant viral DNA
and it will replicate and infect cells.
19. lmmunoblot technique- a technique used to analyze and/or identify
proteins by using a specific antibody-antigen reaction. This step confirmed
that the DNA obtained from the transfection was expressed in high
amounts.
Methods

There were several methods and steps used to carry out the purpose to
express the alpha2 subunit in devoid insect cells. The first step was the agar
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plates, in which this allowed for the bacterial colonies to be grown up on a plate
using Luria Bertana (LB) medium and chloramphenacol. LB medium is medium
that is rich in nutrients such as yeast, salt, and bactotryptone abstrate, this allows
for the bacteria to grow at its best. After the plate was streaked, it was put in an
incubator set at 30°C overnight.
Following the agar plates, a liquid culture was used that contained the LB
and chloramphenacol. This step allowed for the bacteria to grow in rapid
amplification. A total of ten (10) colonies were picked from the plate to put in a
tube. Each tube contains:
1 toothpick
5 ml LB + chloramphenacol
The tubes were then placed inside of an incubator shaker at 30°C overnight.
The extraction of the DNA from the sample can be obtained by using the
phenol/chloroform

extraction

protocol

given.

The

procedure

of

the

phenol/cholorform extraction was as follows:
1. Add to your DNA, mi Iii Q water to 100µ1
2. Add 100µ1 of phenol/chloroform to your sample
3. Vortex
4. Spin down for 5 minutes (")
5. Two phases, take the top one and put in to a new tube. Leave the tube on
ice.
6. Add 100µ1 of mil Ii Q water to the old tube
7. Vortex
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8. Spin down for 5"
9. Two phases, take the top one and put in to a tube you have on ice.
Total 200µ1
10. Add 100µ1 of chloroform, to the 200 µI
11 . Vortex
12. Spin down for 5 "
13. Take the supernatant (200µ1) and put in a new tube
14.Add to the 200µ1, 25ul of NaAc 3M pH5 plus 0.7mL of 100% ethanol. Put
at -80°C for 15"
15. Spin down for 10-15". Look at the pellet and discard the supernatant
16. Put 200µ1 of 70% ethanol
17. Spin down for 5". Look at pellet and discard the supernatant
18. Put 200µ1 of 100% ethanol
19. Spin down for 5". Look at the pellet and discard the supernatant
20. Let air dry
Next step was to use the Mini-Prep. "The QIAprep miniprep procedure is
based on alkaline lysis of bacterial cells followed by absorption of DNA onto silica
in the presence of high salt. The unique silica-gel membrane used in QIAprep
Miniprep Kits completely replaces glass or silica slurries for plasmid minipreps",
(QIAGEN Companies). This miniprep system is used to allow for DNA to be
extracted from the bacteria and purified. There are three (3) basic steps involved
in the mini-prep system according to QIAGEN companies:
1. preparation and cleaning of a bacterial lysate
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2. adsorption of DNA onto the QIAprep membrane
3. washing and eluting of the plasmid DNA obtained
The DNA yield after following this procedure is 5- 15 µI, but it depends on various
factors.
Following the MiniPrep procedure, a digestion is performed. Digestion
consists of cutting the DNA at specific restriction sites (sizes), with specific
restriction enzymes. This procedure allows for the alpha2 subunit vector to be cut
without cutting into the sequence needed. It also allows for the Pbb4. 5 vector to
be cut at specific site, so that the alpha2 can be inserted with ease. The two
restriction enzymes used were Pst1 and BamH1.
The alpha2 subunit is in a vector known as p0TB7, and this vector is
about 1, 815 base pairs (bp). The alpha2 subunit is 3.5 kilo-base pairs. The Pbb
vector is 4. 9 kb in size. Now that the sizes are known for the vector that needs to
cut, the restriction enzymes were picked based on these numbers.
Restriction enzymes cut at a specific site, and most have to be activated
by 37°C temperatures. We had to pick the enzymes with the least amount of cuts
in the vector. This assures that the sequence will not be cut off, and most of the
alpha2 and Pbb4.5 can be cut, inserted, and ligated properly. The Pst1 enzyme
makes one (1) cut, and the BamH1 enzyme makes one (1) cut. The first enzyme
used is Pst1 and each tube contained:
Aloha2 mini-tube

Pbb4. 5 mini-tube

16µ1 DNA

15µ1 DNA

2µ1 Pst1

1OµI milli-Q water
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2 µI Buffer H

2 µI Pst 1

l 20 µI total

3 µI Buffer H

l 30 µI total
Each tube was placed in 37°C H20 incubator bath at 3 hours.
The

next

step

is

to

run

an

Agarose

Gel

Electrophoresis.

An

electrophoresis is a process in which a large macromolecule such as DNA or
RNA is separated from a mixture of a solution, by using electric current. The DNA
molecules are separated based on their size, and to determine the relative size
of the DNA bands it is ran next to a molecular marker DNA ladder, Kb ladder.

Figure 1
Alpha2= 3.7Kb

Pbb4.5= 4.3Kb

After the electrophoresis is run and the specific band sizes wanted are
obtained, a Gene-Clean procedure is conducted. A Gene-Clean Kit'™ was used
for this step. A Gene-Clean Kit is used to purify the DNA from the TAE agarose
gel. A second digestion is is then performed using BamH1. This specific enzyme
is what is going to cut the alpha2 at the end, so that the insert can be pulled out o
the original vector without cutting into it. Each tube contained:
Aloha2 mini-tube
20.18 µI DNA (alpha2 cut w/ Pst1)

Pbb4.5 mini-tube
18.4µ1 DNA (Pbb cut w/ Pst1)
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2µ1 BamH1

2µ1 BamH1

2.5µ1 Buffer E

2.5 µI Buffer E

.32 µI milli-Q water

2.1 µI milli-Q water

l 25µ1 total

l 25µ1 total

Another agarose gel electrophoresis is ran to determine if the enzyme cut
the DNA in the right places, if at all. Ligation is the next step in this procedure.
Ligation is the process in which two ends of a protein or DNA strands can be put
together (ligated), by joining the 5' by 3' end with the opposite 3' by 5' end. This
is used to bring the DNA fragments together. In this experiment, the cDNA
corresponding to the alpha2 subclones were ligated into the expression vector
Pblue-bac, or Pbb4.5. The tubes contained:
Aloha2Pbb4.5

Pbb control

5.24µ1 DNA (alpha2Pbb)

6µ1 milli-Q water

2µ1 Pbb4. 5 vector

2µ1 Pbb4.5 vector

1µI ligase buffer

1µI ligase buffer

1µI ligase ezyme

1µI ligase enzyme

19.24pl total

110pl total

Once the two DNA fragments are ligated together, transformation can be
conducted.
Transformation is a process by which the DNA is inserted in bacterial
competent cells, so that more of the subcloned DNA can be grown up. The
protocol given is as follows:
1. Wait for the cells to thaw, add to DNA 5µ1 and let sit on ice for 30 minutes.
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2. Put cells in 42°C bath for I :30 minutes
3. Immediately add lmL of LB amp. (cool), transfer to blue capped tube

4 . Shake 60 minutes at 37°C
5. Centrifuge the tubes 5 minutes at 7000rpm
6. Discard supernatant and resuspend the pellet with the remain of the medium

7. Plate out 10µ1, 100µ1, and remaining µI on big LB Amp plates and leave
overnight at 3 7°C

From here a liquid culture is performed by picking 20 colonies and placing in
culture tubes overnight at 37oC in the incubator shaker. Each tube contained:
1 toothpick with individual colony
Sml LB Amp
This is followed by a Mini-prep™ procedure which is a given protocol
provided by the mentor. A diagnostic test is then used to determine which
DNA is good or bad. The enzyme used to confirm which DNA should be used
was Nco1. Samples #1,3, 4, 7, 11, 14, 17, and 20 were the brightest DNA of
the 20 samples. Meaning that they had a probability of being pure and highly
concentrated.
However, even after this long process something further has to be
conducted to make sure the DNA sequence obtained, is the correct sequence
that we are looking for. Therefore, PCR sequencing is conducted. This is a
method by which the sequences of nucleotides that constitute a piece of DNA
can be determined. The plasmid DNA sequencing using cycle sequencing
procedure was not done by our lab, and they followed a given protocol.
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If the PCR sequencing comes back correct then the protein as a whole
can finally be inserted into the SF-9 insect cell line that is devoid of the enzyme.
This process is known as transfection, which is the introduction of DNA into cells.
Insect cells were co-transfected with Bac-N-Blue™ DNA and a baculovirus
transfer vector (alpha2- Pbb4.5) containing the Na, K-ATPase alpha2 isoform.
Recombination between the alpha1 Pbb4.5 vector and viral DNA in the cells allow
obtaining recombinant viral DNA that will replicate and infect insect cells. After
these series of steps, the thesis statement stated before should be able to be
conducted.
Results
After the steps were performed the results were that the human Na, KATPase was successfully inserted into the SF-9 insect cells. When inserted the
cells would swell up and a ring would form around the cells. Those that were not
successfully inserted shriveled up and were a lot smaller.
The results showed that when the prepared virus was applied to the insect
cell line the cells became infected and expressed the protein in high amounts.
This was determined by an immunoblot of the insect cell proteins and detection
of alpha2 with specific antibodies.
Figure 2
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Discussion
The expression of alpha2 in SF-9 insect cells that are devoid of the Na, KATPase is important because it provides high amounts of the protein for
biochemical studies of its function in an environment free of any other Na+ pump,
or Na, K-ATPase. This shall be further looked upon and more research should be
conducted on it.

If someone ever had a dysfunction with their Na, K ATPase

maybe it would be possible to insert the Na pump now that it has successfully
been subcloned and expressed.
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In figure 1, it shows that the alpha2 protein, in the 4th column, was
expressed in high amounts. We chose to pick the others to compare it to, so that
the accuracy of the alpha2 band could be verified. As you can see, the alpha2
protein is as accurate as in the others specimens.
In figure 2, it shows that after cutting with the specific restriction enzymes
the bands that were obtained. The bands were at the correct size needed. The
bands obtained were also very crisp bands, this suggest that the enzymes
worked very well in cutting the DNA and it was obtained very neatly. There are
no extra cuts present.
In conclusion, the alpha2 isoform can be successfully inserted into an
insect cell by in vitro transfection. The enzymes BamH I and Pst I were the
correct restriction enzymes to cut and ligate the alpha2 isoform and Pbb4.5
vector. After ligation the in vitro transfection was completed within 2-3 weeks.
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